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FRPSRQHQWVLQUHDFWLRQSURFHVV7KHUHDFWLRQVWKDWVHQVLWLYLW\FRHIILFLHQWJUHDWHU WKDQWKUHVKROGVDUH215 
VFUHHQHGRXWGLUHFWO\VLQFHWKHPHFKDQLVPRI75)KDVPDQ\FRPSRQHQWVDQGLVPRUHFRPSOLFDWHGWKDQWKDW216 
RIPHWKDQRO7KHQWKHUHDFWLRQUDWHDQDO\VLVLVXVHGWRILQGRXWLWVRYHUDOOUHDFWLRQSDWKZD\WRGHYHORSDQHZ217 
75)UHGXFHGPHFKDQLVP 218 
$FFRUGLQJWRWKHH[SHULPHQWVRI$QGUDH>@WKHUHDUHGLIIHUHQWEOHQGVUDWLRRI75)DQGLWFDQEHVHHQ219 
LQ7DEOH,QWKHFDVHDQGIXHOVDUHEOHQGHGDFFRUGLQJWROLTXLGYROXPHUDWLRDQGRWKHUVDUHPROHYROXPH220 
UDWLR*LYLQJGLIIHUHQWVHQVLWLYLW\WKUHVKROGVFDQJHQHUDWHVLPSOLILHGPHFKDQLVPVZLWKGLIIHUHQWVFDOHV7KH221 
KLJKHU WKH WKUHVKROG LV WKHPRUH VSHFLHVZLOO EH GHOHWHG WKHUHE\ JLYLQJ ULVH WR JUHDWHU HUURU+RZHYHU222 
IOXFWXDWLRQDOVRRFFXUVGXULQJWKHUHGXFWLRQSURFHVVWKDWFDQEHVHHQZKHQHTXLYDOHQFHUDWLRLVEHFDXVH223 
WKH FRXSOLQJ VWUHQJWK DPRQJ WKH VSHFLHV LV GLIIHUHQW LQ PHFKDQLVP DQG WKH QXPEHU RI UHDFWLRQV DQG224 
FRPSRQHQWVDUHGLVFRQWLQXRXVIXQFWLRQVZLWKWKHWKUHVKROGFKDQJLQJ)RXUUHGXFHG75)PHFKDQLVPVDQGLWV225 
PD[LPXPHUURUVDUHOLVWHGLQ7DEOHDQGHDFKRIWKHPIRUFDVHVLVYDOLGDWHGE\VLPXODWLQJLJQLWLRQGHOD\226 
WLPHLQVKRFNWXEHPRGHO 227 
7DEOH  )RXUUHGXFHG75)VNHOHWRQPHFKDQLVPVDWYDULRXVWKUHVKROGV 228 
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    
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UHDFWLRQVZDVUHJDUGHGDVWKHVXEPHFKDQLVPRI75)7KHPRVWVHQVLWLYLW\FRHIILFLHQWVRIWKHWRSUHDFWLRQV230 
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 12 
,W FDQ EH VHHQ IURP )LJ WKDW UHDFWLRQ 5+20  2+ 2+0 KDV JUHDWHVW LPSDFW RQ234 
FRPEXVWLRQWHPSHUDWXUHVLQFH+2GHFRPSRVHVSURGXFLQJORWVRI2+UDGLFDOVWKDWZLOOUDSLGO\UHDFWZLWK235 
RWKHUIUHHUDGLFDOV7KHUHIRUHWKLVUHDFWLRQSURPRWHVV\VWHPWHPSHUDWXUHUDSLGO\,QDGGLWLRQ5-&+ 236 
,&+&+&+&+&+DQG5&+2+ &++2DOVRKDYHKLJKWHPSHUDWXUHVHQVLWLYLW\2Q237 
WKHRWKHUKDQG5+21 +21DQG5&+2+ &+2+DUHHQGRWKHUPLFUHDFWLRQVVR238 
LQFUHDVLQJWKHLUUHDFWLRQUDWHFDQGHFUHDVHWKHV\VWHPWHPSHUDWXUH5HDFWLRQ52++2 +22239 
DQG5&+2+2+ &+2+2FRPSHWHZLWKRWKHUVSHFLHVWRFRQVXPH+2DQG2+VXSSUHVVLQJ240 
75)FRQVXPSWLRQDQGPDNLQJKHDWUHOHDVHVORZVGRZQ 241 
7KH75) UHGXFHGPHFKDQLVP LQFOXGHV WKH IROORZLQJ SDUWV WROXHQHPHFKDQLVP K\GURFDUERQ VPDOO242 
PROHFXOHPHFKDQLVPQKHSWDQHVNHOHWRQPHFKDQLVPLVRRFWDQHVNHOHWRQPHFKDQLVP3DUWRIUHDFWLRQVWKDW243 
KDYHEHHQUHPRYHGE\WKHVHQVLWLYLW\DQDO\VLVLQWKH35)DUHOLVWHGLQ7DEOHDQGDUHDGGHGLQWKHILQDO244 
UHGXFHGPHFKDQLVP 245 
7DEOH  5HDFWLRQVWKDWDUHVXSSRVHGWREHUHPDLQZLWKLWVUDWHFRHIILFLHQWVLQ$UUKHQLXVIRUPN $7QH[S246 
(5R7  247 
No. Reactions A n E 
R705 CH+O<=>CH-1+HO 6.000E+13 0.0 52820 
R718 CHOH+O<=>OCHOH 5.600E+12 0.0 0.0 
R719 OCHOH<=>HOCHOH 2.000E+11 0.0 17010 
R720 HOCHOH<=>OCHOH+OH 1.000E+09 0.0 7500 
R722 OCHO<=>CHO+CH+CO 2.000E+13 0.0 15000 
R725 CH<=>CH+I*CH 7.972E+17 -1.44 29876 
R730 I*CH+H<=>CH+CH 5.00E+13 0.0 0.0 
R731 PCH(+M) <=>CH+CH(+M) 1.06E+13 0.0 27828 
R732 PCH<=>CH+CH 2.50E+13 0.0 28800 
R734 ACH+O<=>ACHOO 1.00E+12 0.0 0.0 
R735 ACHOO<=>$&+22+-B 1.14E+11 0.0 22400 
R739 OCHOOH<=>OCHO+OH 3.98E+15 0.0 43000 
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 293 
75)LVDGRSWHGLQHQJLQHVZLGHO\VRLQWHUQDOF\OLQGHUSUHVVXUHFDQEHXVHGWRYLOLI\WKHDFFXUDF\RI294 
75)UHGXFHGPHFKDQLVPLQ+&&,E\XVLQJWKH]HURGLPHQVLRQDOVLQJOH]RQHHQJLQHPRGXOHLQ&KHPNLQ295 
3UR$VVXPLQJ WKDW WKH FRPEXVWLRQ SURFHVV LV DGLDEDWLF LJQRULQJ JDV ORVV IURP WKH LQWDNH DQG H[KDXVW296 
0RUHRYHUQKHSWDQHLVRRFWDQHWROXHQHOLTXLGYROXPHUDWLRLVDQGHQJLQHVSHHGLVUSPDQG297 
FRPSUHVVLRQUDWLRLVDVVKRZQLQ7DEOH 298 
7DEOH2SHUDWLQJFRQGLWLRQVLQ+&&,HQJLQH[36] 299 
6LWXDWLRQ ĳ S0SD 7. QUSP 
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)LJ&RPSDULVRQRIF\OLQGHUSUHVVXUHEHWZHHQWKHVLPXODWLRQRI75)UHGXFHGPHFKDQLVPDQGLWV306 
GHWDLOHGPHFKDQLVP 307 
3.5 9DOLGDWHPHWKDQROEOHQGLQJZLWK75)IXHOUHGXFHGPHFKDQLVP 308 
&RXSOLQJPHWKDQRODQG75) UHGXFHGPHFKDQLVPV WKDW KDYHEHHQYDOLGDWHG LQDERYH VHFWLRQ DQHZ309 
UHGXFHGRIPHFKDQLVPIRUPHWKDQROEOHQGLQJZLWK75)IXHOFDQEHSURSRVHGWKDWLQFOXGLQJVSHFLHVDQG310 
HOHPHQWDU\UHDFWLRQV$IWHU WKDWH[WHQVLYHYDOLGDWLRQVKRXOGEHSHUIRUPHGVR LJQLWLRQGHOD\ WLPH IRU311 
PHWKDQRODQG75)DUHVXSSRVHGWREHYDOLGDWHGVHSDUDWHO\E\FRPSDULQJWKHVLPXODWLRQRIWKHPHWKDQRODQG312 
75)EOHQGVUHGXFHGPHFKDQLVPZLWKH[SHULPHQWVGDWDDQGWKHPHWKDQROVKRFNWXEHH[SHULPHQWDOFRQGLWLRQV313 
FDQEHIRXQGLQ7DEOH  314 
,WFDQEHVHHQIURPWKH)LJWKDWWKHLJQLWLRQGHOD\WLPHRIPHWKDQROLVDGYDQFHGZLWKWKHLQFUHDVHRI315 
WHPSHUDWXUH ZKHQ HTXLYDOHQFH UDWLR IURP  WR $OWKRXJK WKH SUHGLFWLRQ LV VOLJKWO\ ORZHU WKDQ316 
H[SHULPHQWDOYDOXH>@LWVWLOOFDQEHUHJDUGHGWKDWWKHFRQVWUXFWHGPL[HGUHGXFHGNLQHWLFPRGHOFDQZHOO317 
SUHGLFWPHWKDQROLJQLWLRQGHOD\WLPHDWWKHUDQJHRI.  318 
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)LJ&RPSDULVRQRIWKHSUHGLFWHGLJQLWLRQGHOD\WLPHVEHWZHHQWKHPL[HGUHGXFHGPHFKDQLVPDQG321 
H[SHULPHQWVGDWDDWYDULRXVHTXLYDOHQFHUDWLR>@ 322 
    ,QLWLDOVLPXODWLRQFRQGLWLRQVRIPL[HGUHGXFHGPHFKDQLVPLQVKRFNWXEHFDQEHIRXQGLQ7DEOH,Q323 
)LJXUHWKHFRPSDULVRQRI075)UHGXFHGPHFKDQLVPDQG75)GHWDLOHGPHFKDQLVPLVSUHVHQWHGDWWKH324 
FRQGLWLRQRIDWPDQGVWRLFKLRPHWULF$JUHDWDJUHHPHQWVKRZVWKDWUHGXFHGPRGHOFDQDVJRRGDVGHWDLOHG325 
PHFKDQLVPSUHGLFWLJQLWLRQGHOD\WLPHDWZLGHFRQGLWLRQV,WFDQDOVREHVHHQIURPWKH)LJWKDWLJQLWLRQ326 
GHOD\WLPHVRI WKHPL[HGUHGXFHGPHFKDQLVPDUHLQJRRGDJUHHPHQWZLWKH[SHULPHQWDOYDOXH>@327 
%HVLGHV WKH )LJ VKRZV D FRPSDULVRQ EHWZHHQ WKH UHVXOWV RI PHWKDQRO75) UHGXFHG PHFKDQLVP328 
FDOFXODWLRQVDQGWKHH[SHULPHQWDOUHVXOWVRIWKHVKRFNWXEHPHDVXUHPHQWVIRUWROXHQHE\'DYLGVRQHWDO>@329 
&OHDUO\WKHUHLVJRRGDJUHHPHQWEHWZHHQWKHH[SHULPHQWDOGDWDDQGWKHFDOFXODWHGGDWDXQGHUWKHSUHVVXUHRI330 
03DDQG03DHVSHFLDOO\XQGHUUHODWLYHO\KLJKWHPSHUDWXUHFRQGLWLRQV2YHUDOOWKHPL[HGUHGXFHG331 
PHFKDQLVPQRWRQO\ZHOOFDSWXUHVWKHLJQLWLRQFKDUDFWHULVWLFVDWDOOSUHVVXUHDQGWHPSHUDWXUHUDQJHVEXWDOVR332 
FDQGHPRQVWUDWHWKHSKHQRPHQRQWKDWLJQLWLRQGHOD\WLPHLVDGYDQFHGDVWKHRFWDQHQXPEHUGHFUHDVHVRID333 
VWRLFKLRPHWULFIXHODLUPL[WXUH 334 
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)LJ&RPSDULVRQRIWKHSUHGLFWHGLJQLWLRQGHOD\WLPHVEHWZHHQWKHGHWDLOHGDQGUHGXFHGPHFKDQLVP  336 
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)LJ&RPSDULVRQRIWKHSUHGLFWHGLJQLWLRQGHOD\WLPHVRIWKHPL[HGUHGXFHGPHFKDQLVPDWGLIIHUHQW339 
H[SHULPHQWVFRQGLWLRQV>@ 340 
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)LJ&RPSDULVRQRIWKHSUHGLFWHGLJQLWLRQGHOD\WLPHVEHWZHHQWKHPHWKDQRO75)UHGXFHG342 
PHFKDQLVPDQGH[SHULPHQWVGDWDDWGLIIHUHQWSUHVVXUHV>@ 343 
7KHQ WKRVH LPSRUWDQW VSHFLHV LQPL[HG UHGXFHGPHFKDQLVP VKRXOG EH YDOLGDWHG E\ FRPSDULQJ WKH344 
VLPXODWLRQRIPHWKDQRODQG75)EOHQGVUHGXFHGPHFKDQLVPZLWKH[SHULPHQWVGDWD>@&RQGLWLRQVIRU345 
WKH IORZ UHDFWRU VLPXODWLRQ DUH VKRZQ LQ 7DEOH  )LJ VKRZV WKDW VSHFLHV FRQFHQWUDWLRQ SURILOH DQG346 
WHPSHUDWXUHSURILOHRI WKHPL[HGUHGXFHGPHFKDQLVPDUHJHQHUDOO\FRQVLVWHQWZLWKPHDVXUHPHQWVLQIORZ347 
UHDFWRU:KHQHTXLYDOHQFHUDWLRUDQJHVIURPWRWKHSUHGLFWHGSHDNYDOXHRI&+2+&22DQG348 
+2DUHFORVHWRH[SHULPHQWDOGDWD7KHUHIRUHWKHPHWKDQRODQG75)EOHQGVUHGXFHGFKHPLFDONLQHWLFPRGHO349 
FDQEHXVHGWRSUHGLFWFRQFHQWUDWLRQYDULDWLRQRIVRPHLPSRUWDQWVSHFLHVLQFRPEXVWLRQSURFHVV 350 
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)LJ&RPSDULVRQRIPRGHOLQJDQGH[SHULPHQWDOUHVXOWVIRUVSHFLHVFRQFHQWUDWLRQ6LJQDOUHSUHVHQWV353 
H[SHULPHQWVGDWD>@DQGOLQHUHSUHVHQWVPHWKDQRODQG75)UHGXFHGPRGHOSUHGLFWLRQV 354 
7KHHIIHFWRIPHWKDQRORQ75)SHUIRUPDQFH 355 
,Q RUGHU WR VWXG\ WKH HIIHFW RIPHWKDQRO RQ75) FRPEXVWLRQ DQG HPLVVLRQ SHUIRUPDQFHZH EOHQG356 
GLIIHUHQWUDWLRRIPHWKDQROLQ75)7KHOLTXLGYROXPHUDWLRRIWKHPHWKDQROLQEOHQGVIXHOLVVKRZQLQ7DEOH357 
 358 
)LJVKRZVWKHKHDWUHOHDVHUDWHIRUGLIIHUHQWYROXPHIUDFWLRQVRIPHWKDQROLQ75)IXHO7KHVLPXODWHG359 
+&&,HQJLQHFRQGLWLRQVDUHVKRZQLQ7DEOH6WDUWWLPLQJRIH[RWKHUPLFLVDGYDQFHGZLWKWKHEOHQGLQJUDWLR360 
RIPHWKDQRO IXHO LQFUHDVLQJ EHFDXVHPHWKDQRO LV D KLJKRFWDQH IXHO DQG FRQWDLQV R[\JHQ DWRP WKDW FDQ361 
SURPRWHFRPEXVWLRQFRPSOHWH,QDGGLWLRQFRPEXVWLRQGXUDWLRQGHFUHDVHVZKLOHWKHSHDNRIH[RWKHUPLFUDWH362 
DQG WRWDOKHDW UHOHDVH LQFUHDVHJUDGXDOO\ VLQFH WKHDGGLWLRQRIPHWKDQRO LQKLELWV WKH VHFRQGDU\R[LGDWLRQ363 
UHDFWLRQRIRWKHUIXHOFRPSRQHQWV  364 
7DEOH7KHOLTXLGYROXPHUDWLRRIPHWKDQROLQEOHQGVIXHO 365 
Number CH CH CHCH CHOH 
M0 0.420 0.150 0.430 0 
M10 0.387 0.135 0.378 0.1 
M20 0.344 0.120 0.336 0.2 
M30 0.301 0.105 0.294 0.3 
M40 0.258 0.090 0.252 0.4 
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)LJ7KHKHDWUHOHDVHUDWHFRPSDULVRQIRUGLIIHUHQWYROXPHIUDFWLRQVRIPHWKDQROLQ75)IXHO 367 
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)LJ7KHHIIHFWRIPHWKDQROYROXPHIUDFWLRQRQ&+2HPLVVLRQV  369 
)LJXUHVKRZVWKHHIIHFWRIPHWKDQROYROXPHIUDFWLRQRQ&+2HPLVVLRQVZLWK7 .S 370 
03DDQGĳ ,WFDQEHVHHQIURP)LJWKDWDVWKHSURSRUWLRQRIPHWKDQROLQFUHDVHVWKH&+2PROH371 
IUDFWLRQJUDGXDOO\JRHVXSDFFRUGLQJO\:KHQEOHQGLQJPHWKDQROLQ75)WKHHPLVVLRQRIIRUPDOGHK\GH372 
LV GRXEOHG FRPSDUHG WR WKH75)7KLV LV DJRRG H[SODQDWLRQZK\PHWKDQRO EOHQGLQJ UDWLR LQJDVROLQH LV373 
JHQHUDOO\DQGDVLWVSXUSRVHLVWRFRQWUROWKHHPLVVLRQGHWHULRUDWLRQRIIRUPDOGHK\GH 374 
&RQFOXVLRQV 375 
 $QHZUHGXFHGFKHPLFDONLQHWLFVPHFKDQLVPIRUWKHIRXUFRPSRQHQWVDOWHUQDWLYHIXHOPHWKDQRO376 
QKHSWDQHLVRRFWDQHDQGWROXHQHLQFOXGLQJVSHFLHVDQGUHDFWLRQVZDVGHYHORSHGEDVHGRQWKH6$377 
DQGUHDFWLRQSDWKZD\DQDO\VLVPHWKRGVZKLFKZDVYHULILHGE\VKRFNWXEHIORZUHDFWRUDQG+&&,HQJLQH378 
7KHUHVXOWVVKRZJUHDWDJUHHPHQWZLWKH[SHULPHQWDOGDWDDQGSUHVHQWWKHGHSHQGHQFHRILJQLWLRQGHOD\VRQ379 
RFWDQHYDOXH 380 
7KHPDLQLQWHUPHGLDWHVRIPHWKDQROR[LGDWLRQZHUHGHWHUPLQHGE\VHQVLWLYLW\DQDO\VLVPHWKRGDQG381 
WKHQWKHUHDFWLRQNLQHWLFVDQDO\VLVPHWKRGZDVXVHGWRXQGHUVWDQGDQGVHOHFWNH\FRQVXPSWLRQSDWKZD\VRI382 
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LPSRUWDQW LQWHUPHGLDWHV$ UHGXFHGPHWKDQROPHFKDQLVPZDV FRQVWUXFWHG FRQVLVWLQJ  VSHFLHV DQG 383 
UHDFWLRQVDQGLWZDVYHULILHGE\VKRFNWXEHDQGIORZUHDFWRUPRGHO 384 
 8VLQJWKHWHPSHUDWXUHVHQVLWLYLW\DQDO\VLVIRXUSUHOLPLQDU\VLPSOLILHGNLQHWLFPRGHOVRI75)ZLWK385 
GLIIHUHQWFRPSRQHQWVDQGUHDFWLRQVZDVREWDLQHG7KHVLPSOLILHGPHFKDQLVPZDVVHOHFWHGZKHQWKHWKUHVKROG386 
LVLQFOXGLQJFRPSRQHQWVDQGUHDFWLRQV7KHQXVLQJWKHUHDFWLRQUDWHDQDO\VLVWRLQWHJUDWHWKH387 
ZKROHPHFKDQLVPWKHILQDOYLVLRQRI75)UHGXFHGPHFKDQLVPZDVEXLOWLQFOXGLQJFRPSRQHQWVDQG388 
UHDFWLRQVDQGLWLVVXFFHVVIXOO\YHULILHGYLDVKRFNWXEHDQG+&&,HQJLQHPRGHO 389 
7KHPHWKDQRO VLPSOLILFDWLRQPHFKDQLVPZDVDGGHG WR WKH75)VLPSOLILFDWLRQPHFKDQLVPDQGD390 
IRXUFRPSRQHQWPL[HGVLPSOLILFDWLRQNLQHWLFPHFKDQLVPFRQVLVWLQJRIFRPSRQHQWVDQGHOHPHQWDU\391 
UHDFWLRQVZDVFRQVWUXFWHG 392 
7KHHIIHFWVRIGLIIHUHQWPHWKDQROEOHQGLQJUDWLRVRQ75)FRPEXVWLRQFKDUDFWHULVWLFVDQGHPLVVLRQV393 
ZHUH LQYHVWLJDWHGXVLQJDVLPSOLILHGIRXUFRPSRQHQWPL[LQJPHFKDQLVP7KHUHVXOWVVKRZWKDWPHWKDQRO394 
LQKLELWVWKHVHFRQGDU\R[LGDWLRQSURFHVVRI75)FRPSRQHQWV$VWKHPHWKDQROYROXPHIUDFWLRQLQFUHDVLQJ395 
WKHH[RWKHUPLFVWDUWWLPHLVDGYDQFHGDQGWKHH[RWKHUPLFUDWHSHDNDQGWRWDOKHDWUHOHDVHLQFUHDVH+RZHYHU396 
WKH EXUQLQJ GXUDWLRQ LV UHGXFHG 7KHUHIRUH H[RWKHUPLF SHDN DQG LJQLWLRQ WLPLQJ FDQ EH FRQWUROOHG E\397 
FKDQJLQJWKHUDWLRRIIXHOFRPSRQHQWV  398 
7KH PRODU IUDFWLRQ RI &+2 LQFUHDVHV ZLWK WKH LQFUHDVH RI PHWKDQRO FRQFHQWUDWLRQ :KHQ WKH399 
FRQFHQWUDWLRQRIPHWKDQROLQ75)UHDFKHVIRUPDOGHK\GHHPLVVLRQLVGRXEOHGFRPSDUHGZLWKRULJLQDO400 
WROXHQHUHIHUHQFHIXHO  401 
5HIHUHQFHV 402 
>1@+DQ',FNHV$0%RKDF69HWDO3UHPL[HGORZWHPSHUDWXUHFRPEXVWLRQRIEOHQGVRIGLHVHODQG
JDVROLQHLQDKLJKVSHHGFRPSUHVVLRQLJQLWLRQHQJLQH>-@3URFHHGLQJVRIWKH&RPEXVWLRQ,QVWLWXWHV
 
>2@'HF-RKQ($GYDQFHGFRPSUHVVLRQLJQLWLRQHQJLQHV²XQGHUVWDQGLQJWKHLQF\OLQGHUSURFHVVHV
3URFHHGLQJVRIWKHFRPEXVWLRQLQVWLWXWH 
>3@%HQGX+DULVDQNDUDQG60XUXJDQ+RPRJHQHRXVFKDUJHFRPSUHVVLRQLJQLWLRQ+&&,FRPEXVWLRQ
0L[WXUHSUHSDUDWLRQDQGFRQWUROVWUDWHJLHVLQGLHVHOHQJLQHV5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV
 
>4@/DZOHU%HQMDPLQHWDO7KHUPDOO\6WUDWLILHG&RPSUHVVLRQ,JQLWLRQ$QHZDGYDQFHGORZWHPSHUDWXUH
FRPEXVWLRQPRGHZLWKORDGIOH[LELOLW\$SSOLHGHQHUJ\ 
>5@/X;LQJFDL'RQJ+DQDQG=KHQ+XDQJ)XHOGHVLJQDQGPDQDJHPHQWIRUWKHFRQWURORIDGYDQFHG
FRPSUHVVLRQLJQLWLRQFRPEXVWLRQPRGHV3URJUHVVLQ(QHUJ\DQG&RPEXVWLRQ6FLHQFH
 
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>6@<DS'0HJDULWLV$:\V]\QVNL0/³$QLQYHVWLJDWLRQLQWRELRHWKDQROKRPRJHQHRXVFKDUJH
FRPSUHVVLRQLJQLWLRQ+&&,HQJLQHRSHUDWLRQZLWKUHVLGXDOJDVWUDSSLQJ´(QHUJ\	)XHOV
± 
>7@1RJXFKL07DQDND<7DQDND77DNHXFKL<³$VWXG\RQJDVROLQHHQJLQHFRPEXVWLRQE\REVHUYDWLRQRI
LQWHUPHGLDWHUHDFWLYHSURGXFWVGXULQJFRPEXVWLRQ´6$(7HFKQLFDO3DSHU6HULHV1R 
>8@0%DKDWWLQdHOLN%OHQWg]GDO\DQ)DUXN$ONDQ7KHXVHRISXUHPHWKDQRODVIXHODWKLJK
FRPSUHVVLRQUDWLRLQDVLQJOHF\OLQGHUJDVROLQHHQJLQH>-@)XHO 
>9@7XUQHU-:*3HDUVRQ5-'HNNHU(HWDO([WHQGLQJWKHUROHRIDOFRKROVDVWUDQVSRUWIXHOVXVLQJLVR
VWRLFKLRPHWULFWHUQDU\EOHQGVRIJDVROLQHHWKDQRODQGPHWKDQRO>-@$SSOLHG(QHUJ\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